This paper focuses on the spatial distribution of bone tool production waste from two Mesolithic sites in Sweden, Ringsjöholm and Strandvägen, with well-preserved faunal remains including bone and antler artifacts. Local production on both sites has generated a variety of identifiable waste products deriving from complete chains of production, including unmodified bones, debitage and finished products. Identified categories include: blanks, removed epiphyses, bone flakes, and preforms. Identification of species shows that antler and bone from red deer were the preferred raw materials. Spatial statistical analyses confirm that different stages of bone tool production were organized within separate areas of the sites and that larger items were discarded in the water along the shorelines. Interestingly, blanks and preforms seem to have been stored under water for future use and demarcated clusters of bone flakes in association with dwellings represent "bone knapping floors" where production was more intense than in other areas.
Introduction
One of the more important aspects of animal carcass utilization in the Mesolithic was the use of skeletal elements as raw material for bone tool production. Bone and antler were obviously important raw material for various kinds of tools, hunting implements, or personal ornaments. Such finds appear occasionally on Scandinavian Mesolithic sites, only when the preservation of organic material is favorable. In recent years information about these finds has increased (David and Kjällquist 2018; Gummesson and Molin in press ), but still our knowledge of the spatial organization of this craft is limited. Spatial aspects of craft production can provide further insights as they may highlight important aspects of craft organization and specialization (Costin 1991) .
Production is often modeled through technological organization (Nelson 1991) or chaîne opératoire (e.g., Geneste [1991] ). Such perspectives may vary in their overarching theoretical positions (Perlès 1993 ), but they both focus on and emphasize modeling of the technological process as different sequences, including steps such as raw material acquisition, processing, use, and discard. Furthermore, various alternatives that might have influenced or determined the practices are considered. Conneller (2006) has illustrated the chaîne opératoire in relation to both time and the landscape, where places and agencies are linked in spatial networks that actually produce the landscape (also see Ingold [1993] on taskscapes).
Spatial dimensions in prehistoric settings may be studied in terms of many different aspects and scales. Grøn (2003) has shown the importance of the spatial organization of dwelling-spaces among recent hunter-gatherers and how it seems rooted in the social psychology of smaller groups. Spatial distribution patterns for lithics on Stone Age sites have commonly been reported in Sweden, such as at Norje Sunnansund (Kjäll-quist et al. 2014) , Rönneholm (Larsson and Sjöström 2011) , Tågerup (Cronberg 2001) , and Lassebacken I and II (Persson 2012) . These studies have enhanced our understanding of the spatial settlement organization and of human activities on site. Often these patterns indicate the presence of specific activity areas at these sites (Stapert 1989) . Our knowledge of activities related to bone tool production, however, is limited. Poor conditions for preservation of osseous material have often limited the spatial studies only to lithics; or, at best, when faunal assemblages are analyzed only species distributions are used (Olson et al. 2011; Kjällquist et al. 2014 ). An important exception is the bone tool fabrication floor at Kasteelberg B, South Africa (Smith and Poggenpoel 1988) .
Spatial patterns in osteoarchaeology also have an obvious link to taphonomy, where the spatial dimension of depositional patterns is of interest (Gummesson, Molin, et al. 2017) . Many variables, such as the level of fragmentation or burning, affect the possibility of identifying different traces and marks on the bones. Also, post-depositional processes affect the osseous material through weathering and degradation (Gummesson, Molin, et al. 2017 ). All of this affects comparisons of observed quantitative patterns.
This paper presents the results of spatial studies of bone tool production waste from two Mesolithic sites in Sweden, both with well-preserved osteological remains. The two sites, Ringsjöholm and Strandvägen, are dated to the Middle and Late Mesolithic, with Ringsjöholm in Scania representing an older chronological sequence than Strandvägen in Öster-götland. Favorable preservation conditions at both sites have led to the recovery of bone artifacts otherwise often not represented in the archaeological record. Earlier studies on Mesolithic bone tool production, technology and operational chains, principally by Eva David (1999 David ( , 2007 David et al. 2015) , have been used as a point of departure for the present study. At both sites bone tool production has generated identifiable blanks, preforms, discarded waste, and debitage. The finds actually constitute a large part of the two faunal assemblages; they represent chains of production-from unmodified bones to debitage, finished, and reworked objects-from the local production of bone tools. The excavated areas of the two sites, although markedly different in size, both include dry occupation layers and submerged sediments in water. Both sites exhibit settlement remains with dwellings and different archaeological features. The archaeological remains at Ringsjöholm provide an important example of the use of a rather limited space in the landscape, on a longshore bar in Lake Ringsjön. Strandvä-gen on the other hand is a large settlement with several contemporary occupational units on the shore of the River Motala Ström. It was anticipated that differences in production and/or settlement organization may be visible in the spatial distribution patterns of finds that are related to bone craft but also that these patterns would provide additional previously unknown information on site use and craft organization.
Sites and Material

Ringsjöholm
Ringsjöholm is located on the western shore of Lake Ringsjön in Scania, approximately 35 km from the coast (FIGURE 1). The site is situated on a small longshore bar, about 250 × 10-20 m wide. The occupational area is estimated to cover approximately 5000 m 2 but only 266 m 2 has been excavated. The archaeological work was carried out as research and seminar excavations during the years 1994-1997 (Sjöström 1997) . The excavations covered both dry occupational layers on land and previously submerged sediments (fen peat and drift gyttja). In the settlement area, one dwelling and several smaller archaeological features, such as two hearths, were discovered. Unfortunately, parts of the site have in recent times been affected by post-depositional activities, such as trenching, which could have disturbed the archaeological remains and affected the preservation of the organic remains. The site is dated to ca. 7100-6000 CAL B.C., with a possibly more intensive (or better preserved) phase of activities 6400-6000 CAL B.C. (Sjöström 1997) . The dry occupation layer shows no clear stratigraphic separation, while the submerged sediments exhibit several substrata, of which some layers have an older formation date. Artifacts from the previously submerged and stratigraphically lowest layer, L3, can be dated to ca. 7100-6200 CAL B.C. Dispersed finds of this period were also recovered in other excavated areas of the site.
The osteological material from the 1994-1997 field seasons has previously been analyzed by students at the Department of Historical Osteology at Lund University (see Magnell [2006: 119] and references therein). The results indicate a rather equal representation between different large ungulate species and a high frequency of fur animals compared with other Mesolithic materials from Scania. The minimal season of occupation for the complete assemblage was estimated to be from July-February. However, in his analysis of wild boar hunting Magnell (2006: 78, fig. 29) reports that the shortest possible hunting period at the site was from July to October.
Strandvägen
During the last decade, an important Mesolithic site complex in Motala, in Eastern Central Sweden, has seen largescale archaeological excavations (FIGURE 1). This work has revealed three more or less contemporaneous sites from the Late Mesolithic in close spatial relation to each other and to the River Motala Ström. The river connects Lake Vät-tern with the Baltic Sea basin, which at that time was situated approximately 30 km to the east. On the north side of the river, two sites have been excavated: Kanaljorden, a deposition of human and animal remains in a small lake (Hallgren and Fornander 2016) ; and Verkstadsvägen, a site on the river bank with several dwellings (Hagberg and Westermark 2015) . On the opposite river bank, on the south side of the river, is the site Strandvägen. This settlement was excavated during the years 1999-2003 and 2010-2013 , with the site comprising extensive refuse layers along the river shore, several dwellings, knapping floors, and activity areas, as well as a Mesolithic cemetery (Carlsson 2008; Molin et al. 2014; Gummesson and Molin 2016) . The site is dated to 6000-4500 CAL B.C. with the most intensive period of settlement at around 5500-5000 CAL B.C. An area of 7110 m 2 has been investigated, of which 3145 m 2 of occupational and refuse layers have been water-sieved (using a 4 mm mesh). The excavated area thus includes dry occupation layers and submerged stratigraphy extending into the river. Waterlogged sediments were preliminary investigated by marine archaeologists during 2003 (Carlsson 2008 ), but were excavated in much larger scale from land during the most recent excavations by building dams and using electric pumps to keep water out of trenches. Six dwellings have been documented in the settlement and each dwelling is connected to a corresponding activity area where lithic debitage and faunal remains were deposited, probably the result of accumulation over time (Molin et al. 2018 ). These accumulations have been considered to be primary deposits of refuse consisting of a diversified assemblage of finds. In addition, four larger craft areas have been identified on the basis of the spatial distribution patterns of lithics. Eight different zones with accumulations of bone finds have been identified (Gummesson, Molin, et al. 2017 ). Many of the finds associated with bone craft have been recovered in submerged sediments along the shoreline but a rather large amount of material, although more heavily fragmented was also recovered in the dry occupational layers on the settlement (Gummesson and Molin in press) . The osteological analysis, together with archaeobotanical analyses, suggests a more or less continuous human presence on the site throughout the year (Gummesson, Karlsson, et al. 2017) .
Methods
Osteology and manufacturing
The faunal assemblages from both sites were analyzed in regard to the production of bone tools (including artifacts made of antler), focusing on finished artifacts, blanks, preforms, and debitage. Detailed taphonomic analyses were carried out on all material from Ringsjöholm and on material from Strandvägen excavated during the years 2010-2013. All finished artifacts, blanks, preforms, and debitage were recorded and quantified according to weight and to number of identified specimens (NISP), minimum number of elements (MNE), and minimum number of individuals (MNI) (Lyman 2012) . Bone fragments were identified to species level if possible (or to higher taxa if not), to bone element and side, and to part of element. Fragment size and level of firing, following Stiner et al. (1995) , was recorded for all fragments and a fracture analysis was carried out on unburned long bone fragments, according to methods presented by Outram (2001) and Johnson (1985) . Artifacts were also assessed and registered to part of the object and to the general degree of completeness (i.e., fragmented, half of a complete object, or complete artifacts). The orientation of artifacts (i.e., working edges) follows the definitions of Voruz (1984: 287, fig. 7 ). The analyses focused on the identification of production waste such as flakes and blanks, but also debitage in the form of cut-off metapodial epiphyses and bone fragments with visible surfaces modifications. The finds were assessed and categorized in regard to different stages of bone tool production. The categories identified were blanks (anatomical and technical), removed epiphyses, preforms, flakes, and finished artifacts. The registration criteria are presented in detail in Supplemental Material 1. The analysis was carried out at the Osteoarchaeological Research Laboratory, Stockholm University, Sweden.
Distribution patterns and statistical analysis
The aim of this study was to test observed spatial patterns of bone craft using GIS and statistical analysis. At Ringsjöholm the exact positions of all finds were individually documented using a local coordinate grid. In this study the coordinates has been denoted to the nearest excavation square (1 × 1 m) to avoid stacking and to allow summation of the total number of finds for each square meter. At Strandvägen all finds were documented and related to stratigraphic layer and excavation unit (1 × 1 m), using the software Intrasis 3.0.
The spatial analysis and layout was created using ArcGis 10.2.1. Statistical analyses of find distributions were performed, using different methods, based on NISP values. Spatial autocorrelation Moran's I (Mitchell 2005; Dormann et al. 2007 ) (for archaeological application, see Lindholm et al. [2013] ) was applied in order to evaluate whether the data expressed clustering or a dispersed or random distribution. In addition, Ripley's K function, previously successfully applied for archaeological point data (Winter-Livneh et al. 2010; Tacher et al. 2017 ) was used to test whether the spatial distributions were significantly clustered or dispersed. A total of 99 permutations were run and the "simulate outer boundary values" edge correction was used. Weight values (i.e., the NISP values) were both omitted and specified in order to evaluate clustering of feature values and clustering/ dispersion of feature location. Given that NISP quantification was used, feature location (i.e., omitted values) was regarded as more accurately representing potential clustering. Significantly clustered distributions were finally mapped in a cluster and outlier analysis, using Anselin Local Moran's I (Anselin 1995; Mitchell 2005) , with applied False Discovery Rate (FDR) correction.
Results
Products, artifacts, and production waste
At Ringsjöholm, 316 finds of finished bone and antler artifacts have been identified and 977 fragments were registered as production waste. At Strandvägen, finished artifacts amount to 1468 finds and production waste to 2185 fragments. The identified finished artifacts at Ringsjöholm represent 2% (1.627 kg) and unfinished products or debitage 9% (7.199 kg) of the total weight of the osteological assemblage (estimated to a total of 80 kg [Sjöström 1997: 12] ). At Strandvägen, the finished artifacts represent 18% (9.9 kg) of the total weight (56.3 kg) and the production waste represents 17% (9.3 kg) of the faunal remains (corresponding to 4% and 6%, respectively, of the total number of fragments). Ringsjö-holm exhibits a higher frequency of finished artifacts per square meter, at 1.19/m 2 , than Strandvägen, where the frequency was 0.47/m 2 . The two assemblages show some obvious differences in the inventories of artifacts (TABLE 1) . Barbed points dominate the assemblage at Strandvägen (ca. 45% of the identified artifacts) while slotted points are more frequent at Ringsjöholm (24%, compared to 4% at Strandvägen). There is a difference in the frequency of plain points between the sites, but this may possibly be an effect of fragmentation. Ringsjöholm exhibits a higher number of fragments from unspecified bone points that in fact may originate from plain points, arrowheads, or spearheads. Unidentified bone points and plain bone points at Ringsjöholm represent about 16% of the identified artifacts, while unidentified bone points, spearheads, arrowheads, and plain bone points represent about 20% at Strandvägen.
The larger assemblage at Strandvägen exhibits a greater variety of artifact types, including slotted daggers, chisels, knives, navettes (or net mending tools [David et al. 2015: fig. 12 .2]), and antler objects such as sleeves, pressure flakers (Pelegrin 2012; David and Sørensen 2016) , and clubs, which are to be expected given the difference in numbers. There are, however, some objects that only occur at Ringsjö-holm, or are more common there: for example, a complete bone adze made of the metapodium of an aurochs (Bos primigenius). Neither the artifact type-which has been considered a type artifact of the Maglemose Culture (Larsson 1978; David 2003 )-nor aurochs bone have been securely identified at Strandvägen. Personal ornaments like beads, pendants, and pearls are also much more common at Ringsjöholm, representing around 18% of the assemblage, while at Strandvägen only about 1% can be identified as ornaments of this type. There is also a slight difference in the number of fish hooks and gorges from the sites, but due to fragmentation and the fragility of the artifact type, this is hard to evaluate. At Ringsjöholm, one fish hook (made of enamel from a boar tusk) was identified. At Strandvägen, on the other hand, three gorges and only one possible broken shaft of a fish hook have been recovered, although the latter identification is not secure.
The amount of production waste is rather similar on the two sites (TABLE 2) . Flakes represent 46% of the production waste at Ringsjöholm and 39% at Strandvägen. At Ringsjö-holm flakes have also, to a higher degree than at Strandvägen, been identified to a specific type.
Species and element distribution
The species distribution of skeletal elements utilized in tool production in the two assemblages are somewhat different (TABLE 3) . Red deer (Cervus elaphus) is the dominating species in both assemblages-quantified either by NISP, MNE, or MNI-regarding finished artifacts and production waste. Roe deer (Capreolus capreolus) and moose (Alces alces) are also commonly represented. Auroxen (Bos primigenius), wild cats (Felis silvestris), and pine martens (Martes martes) have been identified at Ringsjöholm, but not at Strandvägen, while beavers (Castor fiber) were only identified at Strandvägen. The latter species is, however, represented by rather few finds. Species representation is more varied among the finished products at both sites, exemplified by a worked beaver incisor, bird beads, and carnivore pendants.
The most frequently utilized raw material at both sites is antler (SUPPLEMENTAL MATERIAL 2). However, a higher fragmentation level for antler than for bones and some level of bias in identification need to be considered, as these may lead to inflation in NISP quantification. This has been studied at Clos de Poujol, France, in regards to the production of Table 1 . Number of bone and antler artifacts from Ringsjöholm and Strandvägen. In parentheses: total number of finds identified as representing more than 50% of the complete artifact. Classification according to : Montelius (1994 : Montelius ( [1917 ), Althin (1954) , Larsson (1978 Larsson ( , 2005 , Stewart (1996) , Vankina (1999) , Karsten and Knarrström (2003) , Browall (2011 ), Pelegrin (2012 , Galiński (2013) , and David et al. (2015 174 (4) 447 (7) Total 316 (42) 1468 (334) antler tools and the exploitation of red deer (Bridault et al. 2009) . Most common at both sites are antler of red deer, followed by roe deer, whereas moose antler was only identified at Strandvägen. Tines are the most common part of the red deer antler at both Ringsjöholm and Strandvägen, represented by 12 and 45 finds respectively. The burr is somewhat more common at Strandvägen, represented by 13 pieces at that site and only by three finds at Ringsjöholm. At Ringsjöholm, two of the three burrs are from shed antlers, whereas eight of the 13 finds at Strandvägen were still attached to crania. Antlers of roe deer are more equally represented regarding burr and tines. At Ringsjöholm, seven complete or almost complete antlers with burr, beam, and tines were recovered; at Strandvägen, eight antlers with burr were recovered, as well as the same number of antler tines. The beam was represented by a lower number of finds. All roe deer antlers at Ringsjöholm were still attached to the cranium whereas five of eight were shed at Strandvägen. The most commonly utilized bone elements of large ungulates are those of the metapodium. Interestingly, at Ringsjö-holm the metacarpal is the more common element but at Strandvägen it is the metatarsal. Wild boar (Sus scrofa) is mostly represented by canines, whereas small carnivores are represented by several teeth, and birds (Aves) by long bones.
Level of firing and fragmentation
There is a difference in the level of firing of finished artifacts and production waste in the two assemblages (TABLE 4) . Burning of bone fragments and fragmentation might render objects less likely to be identified, and, thus, affect comparisons between different assemblages. At Ringsjöholm, 56% of the finished artifact fragments exhibit some degree of firing (score 1-6). Most common are artifacts with a high degree of firing (score 5 and 6), comprising 78% of the fragments affected by fire. At Strandvägen, only 14% of the artifact fragments are burned and most that are burned have a low degree of firing. However, if we restrict our focus to one of the dwelling floors at Strandvägen (dwelling 6), measuring about 26 m 2 , the number of burned artifact fragments actually increases to roughly 36%, a frequency more comparable to that of Ringsjöholm. The differences in degree of firing are not as pronounced among the production waste: 12% are burned at Ringsjöholm, and 7% at Strandvägen. It is, however, worth noting that the highest degrees of firing (scores 4, 5, and 6) are more common also among the production waste at Ringsjöholm (58%) than at Strandvägen (24%).
The level of fragmentation in the studied assemblages is similar (TABLE 5) . There is a marked difference in the estimated level of completeness between finished artifacts and production waste at Ringsjöholm (TABLES 1 and 2). Only 13% of the finished artifact fragments represent half or more of a complete product. In contrast, as much as 55% of the production waste (excluding complete distal epiphysis and broken blanks) can be estimated to represent more than half of an originally whole product. At Strandvägen such a difference cannot be identified, instead about 20% of the finished artifacts and the waste products can be estimated to represent more than half of a complete product.
Small unburned fragments are more common than large unburned fragments on both sites. Finds larger than 10 cm only account for roughly 7% of all finds. The most common fragment size is 1-4 cm, representing some 70% of both assemblages. Fragmentation, however, differs for different Table 2 . Categories of production waste (NISP). In brackets; total numbers of finds identified as representing more than 50% of the complete product. categories of finds and at different areas of the sites (TABLE 5  and 6 ). Generally, fragmentation is higher in dry occupation layers on land than in the submerged sediments.
In the dry occupation layers at Ringsjöholm, 18% of the finished artifacts are smaller than 2 cm and 65% of the waste products are (in maximum dimension) smaller than 2 cm. At Strandvägen, about 62% of both finished artifacts and the waste products in the dry layers are smaller than 2 cm in maximum dimension. At Ringsjöholm, 9% of the artifact fragments from dry sediments are larger than 6 cm, and even fewer finds of the production waste (5%). At Strandvägen only 3% of the artifact fragments and 2% of the production waste in the dry occupation layers are larger than 6 cm.
In submerged sediments, 14% of the artifact fragments and 21% of the production waste are smaller than 2 cm at Ringsjöholm. At Strandvägen, 6% of the artifact fragments and 37% of the production waste recovered in submerged sediments are smaller than 2 cm. 48% of the artifact fragments and 25% of the unfinished products or debitage recovered in submerged sediments at Ringsjöholm are larger than 6 cm, while the same number at Strandvägen corresponds to 58% and 17%, respectively. Smaller fragments of finished artifacts are thus more common in both dry and submerged sediments at Ringsjöholm compared to Strandvägen. Larger fragments are generally more common at Strandvägen and more common in submerged than dry sediments.
In order to further evaluate the effects of post-depositional processes, an analysis of fracture patterns supplements the study of fragment size. The fracture patterns of production waste are different from those of finished artifacts, in that fractures produced in fresh bone are more common even on small fragments, especially at Ringsjöholm. Among the finished artifacts, dry breaks (i.e., fractures produced in dry bone) are more common than fresh breaks (i.e., fractures produced in fresh bone), especially for the smaller fragments (1-4 cm) (FIGURES 2, 3). On finished artifacts from Strandvägen, fresh breaks are more common among the larger fragment sizes. In addition, there are different fracture patterns between the proximal and distal end of the artifacts, and slightly varying between different types of objects. Generally, fractures are more common at the proximal end (FIGURE 4). At Ringsjö-holm the fracture distribution is more even.
It may be noted that the estimated wear of artifacts is similar at both sites. Wear was only estimated macroscopically and no use-wear analysis by microscope has yet been carried out. At Ringsjöholm, 94% of the artifacts exhibit some to moderate wear. At Strandvägen, 85% exhibit the same. Major wear was registered on only 5% and 9% of the artifacts. At Ringsjöholm artifacts without wear represent 1% of the collection, corresponding to 3% in the Strandvägen collection. Of the complete items with no or dry breaks at Ringsjöholm, 16 finds exhibit only some wear and could be regarded as still useable. These were mainly tooth pendants (n = 9) or pressure flaker/punchers (n = 4). At Strandvägen, 51 unbroken artifacts exhibited only some wear; the majority of these were awls (n = 14), chisels (n = 9), and bone points (n = 7).
Production techniques
It is evident that the two assemblages differ in general artifact inventory and fragmentation level. This calls for a comment on some identified differences in the mode of tool production and the techniques utilized (for further details see Gummesson [2018] ). These differences are difficult to quantify and evaluate as some of the techniques leave more recognizable debitage than others: percussion, for example, leaves both negative flake scars on the bone and, detached flakes, as opposed to grinding which usually only leaves diagonal striations on the worked bone.
Percussion is evidenced at both sites from impact marks and negative flake scars on worked bones and from the large amounts of bone flakes. Calibration of the proximal end is verified by a few diagnostic calibration flakes and corresponding negatives at the proximal end of the metapodia (David 2003 (David , 2007 David and Johansen 1996) . Sawing as a technique of detachment was only identified on two finds from Ringsjö-holm: on a removed distal epiphysis from a metapodial of red deer, and on the palmar portion of a red deer antler. The epiphysis exhibits a sawn groove around the circumference above the distal end of the bone. Additionally, there are traces of axial sawing on the lateral and medial trochleae. On the Table 5 . Fragmentation level of unburned artifacts. Fragments exhibiting low levels of firing (0, 1, and 2), i.e., fragments that were only charred, are also included.
Ringsjöholm (NISP)
Strandvägen ( Table 6 . Fragmentation level of unburned production waste. Fragments exhibiting low levels of firing (0, 1, and 2), i.e., fragments that were only charred, are also included. antler, one tine had been removed by sawing and there are also traces of sawing on the beam of the antler, but detachment had not been completed. At Strandvägen, no traces of sawing for detachment have been identified; instead, nicking (i.e., a percussion technique using a sharp edged tool) was used to divide antlers and detach epiphyses. Nicking was also identified at Ringsjöholm. Axial sawing has previously been identified on a metatarsal on Strandvägen (David et al. 2015) , however, the authors do not consider this groove to have been made for a prepared break. There are also several smaller fragments at Strandvägen exhibiting traces of axial grooving but in neither case could the technique be identified as sawing as a mean for detachment. Incisions (which may have been created by sawing movements) are more common at Strandvägen, which is associated with a large number of decorated artifacts from the site (Larsson and Molin 2017); in total, 5.5% of the finished artifacts are decorated. In contrast only 1.6% is decorated at Ringsjöholm. Traces of grinding also seem to be more frequent at Strandvägen, where 5.3% of the finished artifacts and the waste products have identifiable traces, whereas only 1.2% at Ringsjöholm exhibits such traces. At Strandvä-gen, grinding was commonly observed at the basal end of leister points, a tool type represented only by one find at Ringsjöholm.
Spatial organization of production
At both Ringsjöholm and Strandvägen, spatial concentrations of finished bone and antler artifacts and different waste products occur in different areas of the sites, often adjacent to dwellings but also in the water along the shorelines. All distribution patterns and statistical tests are presented in Supplemental Material 3A-L. At Ringsjöholm, a much smaller area was excavated than at Strandvägen, complicating interpretations of the site organization, but when explored in relation to each other, the spatial patterns at the two sites are valuable.
The spatial distributions of finished artifacts are significantly clustered at both Ringsjöholm and Strandvägen (SUP-PLEMENTAL MATERIAL 3A AND 3G). At Ringsjöholm, finished artifacts (including artifacts representing > 50% of a complete product) are more commonly found on land, in dry occupation layers, adjacent to the dwelling (FIGURE 5). At Strandvägen, the majority of the finished artifacts were recovered in the submerged sediments along the shore of the river. The finds show a dense, even distribution in the water, while in dry sediments, they are aggregated in four more or less spatially limited areas, at dwellings and activity areas. Fragments that represent more than 50% of a complete product were predominately recovered in the water. Interestingly, even though bone and antler artifacts were recovered along the complete shore of Strandvägen they are significantly clustered only in the southern part of zone 8 in the water and on land, in zones 1, 2, and 3.
Technical blanks were recovered from both dry and submerged sediments, but a majority of the finds were recovered in the water or near the shore at both sites (FIGURE 6). At Ringsjöholm, many (n = 26 of 82) technical blanks represent more than 50% of the complete product and these are all found adjacent to the shore. A similar spatial pattern is seen at Strandvägen, but the number of finds that represent more than 50% is lower (n = 13 of 172). At both sites, Moran's I does not identify the patterns significantly different than random, but Ripley's K analyses (omitted weight value) indicate that the feature location is clustered, and that at Strandvägen the feature value also touches on clustering. A mapping of the distribution (Anselin Local Moran's I) at Ringsjöholm does not identify clustering (even if a high low outlier is identified). At Strandvägen, on the other hand, a cluster appears in a small area in zone 6, in the water (SUPPLEMENTAL MATERIAL 3B AND 3H). Preforms are represented by only a few finds at both sites and have more restricted spatial distributions (FIGURE 7). The low number of finds at Ringsjöholm hinders the use of spatial statistics for evaluation of the distribution patterns. In fact, one single deposit, already noticed during the excavations, constitutes the majority of the finds (FIGURE 8). It consists of nine split long bones of large ungulates and one finished artifact fragment (TABLE 7) , and was recovered in a transect in the former water off the shoreline. A few finds of more complete (< 50%) preforms were also recovered in the water and some fragments were recovered adjacent to the dwelling and along the shore. At Strandvägen, the distribution pattern is not recognized to be significantly different than random, using Moran's I, but a clustering of feature location is suggested (SUPPLEMENTAL MATERIAL 3I). Preforms were recovered along the entire shore except in the northern part; on land they were found in zone 1 and zone 2. Two finds were also recovered adjacent to the eastern border of the south-western excavation area. Complete finds (> 50%) of preforms were recovered in the water, in zone 8, bordering on zone 7, and in dry occupation layers near dwellings in zone 2.
Flakes exhibit distinctly different spatial distribution patterns than the other debitage (FIGURE 9). Flakes are mainly distributed on land, in dry sediments, and significantly clustered at both sites (SUPPLEMENTAL MATERIAL 3D AND 3J), but the patterns are not as obvious at Ringsjöholm as at Strandvägen. Single flakes were recovered in the submerged stratigraphy at both sites. At Ringsjöholm, flakes are significant clustered in only one area, in the western part of the transect. At Strandvägen, significant spatial clustering is identified in zones 2 and 3. The spatial distributions of different flake types do not show large differences. In areas with many flakes, the variation of flake types is higher, which is not surprising. One exception is dwelling 4 at Strandvägen, where only squared flakes have been identified. The few finds of calibration flakes were recovered at Ringsjöholm adjacent to the dwelling and at Strandvägen in the southern part of zone 2 and in zone 8.
Anatomical blanks were often recovered in spatially confined concentrations at both sites (SUPPLEMENTAL MATERIAL 3E AND 3K). They represent skeletal elements that are commonly used in tool production but do not exhibit traces of human modification, mostly in form of antler fragments or red deer metacarpals and metatarsals (Strandvägen) and roe deer metacarpals and metatarsals (Ringsjöholm and Strandvägen). At Ringsjöholm the number of finds is too small to allow spatial statistics. At Strandvägen the distribution is not significantly different than random (Moran's I), however feature location may be considered clustered at smaller distances (Ripley's K).
Finally, removed epiphyses have a wide spatial distribution on Ringsjöholm (SUPPLEMENTAL MATERIAL 3F AND 3 L). At both sites, the patterns are not significantly different than random (Moran's I) but feature location, again, may be seen as clustered (Ripley's K). The epiphyses are generally found close to the shore, at Ringsjöholm they also occur adjacent to the dwelling. At Strandvägen, however, only nine finds are found outside of the shore area.
Discussion
The bone tool inventory and spatial patterns at two Mesolithic sites have provided insights into Mesolithic craft traditions and site use (SUPPLEMENTAL MATERIAL 4A-B). The utilization patterns differ somewhat between the two sites, perhaps related to chronological differences, site function, or geographical location, or due to the excavated contexts. In general, the utilization of bone may be related to subsistence patterns and availability of game animals or technological traditions (Noe-Nygaard 1977) . This also entails consequences for the availability of suitable raw material for bone and antler craft. The species distributions of the utilized bones differ between Ringsjöholm and Strandvägen, but the differences are represented by only a small number of finds. The raw materials were mainly from ungulates and especially red deer, and the most common utilized elements were antler and metapodial bone. Personal ornaments were made of bones from more uncommon species, but may have been introduced to the sites as finished products. These items are not necessarily representative of the local bone tool industry. Importantly, species distribution seen in the artifact inventory of the two sites is related to the specific utilization of different elements for different products, such as tooth pendants.
At Ringsjöholm, most of the finished bone and antler artifacts were recovered on land; at Strandvägen, on the other hand, most of the artifacts were recovered in the water along the shore. Interestingly, the distribution patterns of finished artifacts observed (by the naked eye) at Strandvägen differ from the statistically significantly clustered finds of finished artifacts. The artifacts cluster in dry sediments, adjacent to dwellings and activity areas, a pattern more similar to that observed at Ringsjöholm. This clustering could be interpreted in terms of organized spaces at the settlement area as the results of repeated everyday activities, probably connected to several smaller household units (Molin et al. 2018) . The activities in the water, on the other hand, did not result in significant spatial clusters. The distribution patterns clearly need to be considered in relation to the artifact inventory. At Strandvägen, larger areas in the water with submerged sediments have been excavated, constituting fishing stations where barbed points would break and be deposited during active fishing. Slotted points, on the other hand, which were most common at Ringsjöholm, may not mainly be associated with active use in the water, but rather with hunting and other activities on land. At Strandvägen, the distribution of slotted points is also more concentrated on land; 70% of the slotted points were recovered from dry sediments corresponding to only 26% of the barbed points (Gummesson and Molin in press) . The low number of personal ornaments at Strandvägen is noticeable as such large areas of the settlement, including burials, have been excavated. The spatial distributions need to be considered in relation to many factors, such as the estimated level of completeness and fragmentation. The fragmentation level of artifacts is higher at Ringsjöholm, but there is also a difference in fragmentation between finished artifacts and waste products. The higher number of fresh fractures on the production waste, mainly among small fragment sizes, must be understood in regard to the identified bone flakes (preserved with fresh breaks), but also concerning the fragmentation of finished artifacts during use. The level of fragmentation also differs in different locations of the sites, as do the levels of firing. Generally, fragmented artifacts are more frequently burned and exposed to higher temperatures at Ringsjöholm than at Strandvägen; however, in restricted contexts such as concentrations associated with dwellings, the patterns at Strandvägen become more similar to those at Ringsjöholm. Thus, specific contexts clearly have impacts on taphonomic patterns. Molin et al. (2014) have suggested that complete decorated objects were ritually deposited along the shore of Strandvägen. The observation of larger artifact fragments in the submerged stratigraphy at Strandvägen could support this interpretation and further explain some of the differences in the observed patterns. The artifacts from the two sites apparently have different taphonomic histories and were probably handled differently at the sites during the settlement activities, but were also differently affected by post-depositional processes. The spatial distribution of finished artifacts at Ringsjöholm also differs from the distribution of the majority of the waste products, but not so at Strandvägen. Probably there were differences in the utilization and production of tools at the two sites, as various types of tools and waste products exhibit different spatial patterns.
It must be stressed that though the perspectives of an operational chain provide a general frame of reference to study technological processes, the specific sequences of reduction techniques (i.e., methods) may vary between different sites and also within a specific assemblage. Production must be understood as a process related to preceding events, or technological action and choices, but also to expectations on future form and/or function (Conneller 2006) . It is therefore possible to find any piece of debitage or even a finished product at any stage of production. This is perhaps best exemplified by tools that were reshaped due to breakage, excessive use, or cases where the manufacturing process changed during the course of work, possibly due to handling errors or accident. Along the shores, a combination of different depositions were identified, likely of both primary and secondary deposits and from different stages of the operational chain. Mostly primary reduction debitage, such as removed distal epiphyses, blanks, and preforms, were recovered from the waters. The distribution patterns of anatomical blanks and distal epiphyses do not, however, exhibit any spatial clustering, and it seems that the distributions of products from the initial reduction cannot be statistically separated from a random distribution at the sites. Technical blanks and preforms were most often found in the water on both sites, probably in a secondary location in relation to the area of production.
It is likely that relatively fresh bones were used for making tools and it has also been suggested that bone and antler were deliberately soaked prior to manufacturing (Newcomer 1976; Osipowicz 2007 ). This practice is also known from ethnographic records (Semenov 1976 (Semenov [1964 Stewart 1996: 84) . Soaking is supposed to make bone and antler easier to form and could also prolong a fresh bone response (Karr and Outram 2015) as deposition in wet environments affects the plastic characteristics of bones and thus their responses to mechanical forces. This is known, for example, to have complicated interpretations of bone fractures on finds from wet depositions (Kjellström and Hamilton 2014) . Technical blanks at Strandvägen were found spatially clustered in a small restricted area in the waters off the shore. Similarly, the deposition of preforms at Ringsjöholm occurred just off the former shoreline. A similar find is, in fact, known from the Mesolithic settlement site of Ageröd V, in Scania, dated to 5700-5500 CAL B.C., where 14 split long bones were found lying horizontally within a 33 × 15 cm area and recovered with two strips of bark wrapping crossing the length of the bones (Larsson 1983: 79) . Grønnow (1987: 144) has previously also suggested that parts of the faunal assemblage at the Paleolithic site of Stellmoor in Northern Germanymore specifically reindeer antlers recovered from shallow waters near the shore-are repeated depositions of blanks. It is therefore likely that the blanks and preforms in the waters of Ringsjöholm and Strandvägen do not represent debitage from attempts gone wrong or bones thrown into the water as ordinary refuse, but rather also represent a similar kind of storage and/or preparation of raw material for future use. This also attests to storage and planning ahead (Cunningham 2011; Boethius 2018; Molin et al. 2018 ) and a social organization were raw material was brought to specific places with the anticipation of return and a continuous presence in the landscape.
Another spatial clustering pattern may be identified on land, in relation to dwellings and different archaeological features. Here, secondary reduction debitage, mostly represented by bone flakes, were found to cluster. Flakes are produced when a bone is struck by impact, such as in association with marrow exploitation, in tool production, or perhaps even by accidental impact. According to the description given by Binford (1978: 54, 153-155 ) (see also Enloe [1993] ) of the Nunamiut marrow fracturing, fracturing is preformed near the articular end of long bones. A single blow creates a spiral fracture and the articular end is then twisted off. The impact of the blow creates smaller bone chips but the numbers of flakes are relatively low, as is the number of impact points. This is also consistent with patterns described by Pickering and Egeland (2006) , in relation to experimental patterns from hammer stone percussion.
Different types of flakes occur at Ringsjöholm and Strandvägen and they could be subdivided into several categories. Divergent flakes and calibration flakes, due to their respective morphology and/or location on the skeletal element, are more easily connected to intentional breakage and shaping of bones. Most squared flakes, however, can only be attributed to a general process of fresh bone fracturing. There is good reason to believe that most of the larger and elongated squared flakes derive from controlled and deliberate actions aiming to shape the bones, rather than from other activities such as marrow extraction, as many of the flakes exhibit negative flake scars from previous blows. There are also flakes with traces of grooves created to aid the controlled splitting of the bones (Clark and Thompson 1953; David 2007) . As the spatial distribution of the different type of flakes is similar it seems likely that the delimited areas where flakes cluster represent craft areas, or bone knapping floors. However, though squared flakes mostly coincide with the distribution patterns of other type of flakes, they were also recovered outside these knapping floors, such as at Strandvägen in the floor area of dwelling 4. It should therefore be considered that these flakes may not only be debitage of bone tool production, but could also derive from any other activity involving cracking open long bones, such as marrow extraction. At Ringsjöholm, the limited excavated area has not allowed the identification of knapping floors, but there are depositions of flint blades adjacent to the dwelling that could indicate lithic production in this area. At Strandvägen, the bone knapping floors actually coincide with identified knapping floors for lithics (Molin et al. 2014 ).
Conclusions
The results of the analysis increase the understanding of Mesolithic site organization and the association with bone tool production. Different stages in tool production are associated with different areas of the spatially organized sites. Further, the results show that the bone and antler artifact inventory is affected by the context of recovery. Areas for deposition of both discarded and still usable artifacts, and waste products seem to work as integrated parts of the occupational process and everyday life. We can identify knapping floors for bone crafting in association with knapping floors for lithics, whereas larger debitage was thrown away, into the water. In wet environments, preforms and blanks were also deposited, probably kept in the shallow water for storage and preservation for later use. At Strandvägen these areas along the shore also seem to coincide with fishing stations and utilization zones for barbed points and simultaneously functioned for more ceremonial depositions of decorated artifacts.
More than providing a spatial understanding of the sites, the implications of the amounts of finds associated with bone tool production in the faunal record is important. Osseous assemblages need to be analyzed also in relation to taphonomic parameters and to contextual data in order to answer questions about prehistoric utilization.
